ABSTRACT. Porcine circovirus type 2 (PCV2) shedding patterns were investigated by polymerase chain reaction (PCR) for the detection of PCV2 DNA, and the diagnostic suitability of a sample for the PCR was examined by using different types of samples. In the e xperimental infection, sixteen pigs were inoculated intranasally with PCV2. The samples, including oropharyngeal and nasal swabs, feces, whole blood and serum became positive for PCV2 DNA by PCR immediately after the inoculation, and almost all samples remained positive during the observation period, post-inoculation-day 70. Field samples were collected from 313 pigs in five different a ge groups. The overall percentages of positive samples in the whole blood, nasal swabs, and feces detected by PCR were 30.4%, 19.2%, and 20 .4%, respectively. The frequency of positive samples increased after the nursery stages and reached a peak in the 3 to 4-month-old pigs. These results indicate that PCV2 infection may occur after weaning, that PCV2 DNA may be present in whole blood for a long period after infection, and that whole blood and serum are the most suitable sample types for the PCR analysis of PCV2.
Porcine circovirus (PCV) was first reported as a noncytopathic contaminant of pig kidney cells (PK-15) [18] . Several recent reports have suggested that PCV is associated with postweaning multisystemic wasting syndrome (PMWS), which is characterized clinically by progressive weight loss, tachypnea, dyspnea, emaciation and jaundice [2, 6] . PMWS was first diagnosed in western Canada and has been reported in pigs in many countries [4, 17] . The DNA sequence of PMWS-associated PCV, called PCV type 2 (PCV2), differs significantly from that of the previously known PCV, now referred to as PCV1 [8, 13, 14] . In Japan, a PCV-like particle was first observed via the electron microscope in 1996 in the lymph nodes of dead pigs that had shown progressive weight loss [10] , and PCV2 was first detected in Japan in a pig that had shown signs of PMWS in 1999 [16] . The exact role of PCV2 in the pathogenesis of PMWS remains unknown. Recently, lesions similar to those of PMWS have been reproduced in neonatal pigs by inoculation with PCV2 and porcine parvovirus [1, 5, 7] . PCV2 has been detected in nasal swabs after experimental infection, and transmission through nasal secretions has been suggested as a potential mode of horizontal transmission [9, 12] . Okuda et al. [15] have reported the reproduction of clinical PMWS by Cesarean-derived, colostrumdeprived (CDCD) piglets and quantitative PCV2 distribution in tissues of infected piglets. The purpose of the present study was to investigate PCV2 shedding patterns and to determine the most suitable sample type for diagnosis by polymerase chain reaction (PCR).
PCV2 isolate 01ZS isolated from a pig showing clinical signs of PMWS was used in this study [15] . The experimental design was described in our previous report [15] . Briefly, 16 of 21 2-week-old CDCD pigs were inoculated intranasally with 10 4.8 TCID 50 of PCV2. On the following day, 3 of the other 5 pigs were cohabited with the inoculated pigs as a contact control. The remaining 2 pigs served as a noninoculated control. Each group was housed separately in a barrier-maintained room. In the inoculated group, 2 to 4 pigs were euthanized and necropsied on each of the postinoculation-days (PID) 7, 14, 21, 35, 49, and 70; in addition, each one pig from the contact group was euthanized and necropsied on PID 28 and 35. Two pigs in the inoculated group died: one on PID 19 and the other on PID 21. Whole blood, serum, oropharyngeal and nasal swabs and feces were periodically collected from each pig for PCR analysis. Serum for serological testing was collected weekly until necropsy.
Field samples for PCR assay were obtained in 1999-2000 from three closed farrow-to-finish farms (100-150 sows) without clinical signs of PMWS. Whole blood, nasal swabs and fecal samples were collected as mentioned above from 313 pigs in five different age groups: nursery pigs (n=64), 1 to 2-(n=69), 3 to 4-(n=81) and 5 to 6-month-old (n=52) pigs, and sows (n=47).
The swabs were placed in tubes containing 1 ml of phosphate-buffered saline (PBS) (approximately 10% suspension) and stored at -80°C. Fecal samples were processed to make a 10% suspension in PBS and stored at -80°C. After thawing, the samples were vortexed and clarified by centrifugation at 2500 × g for 10 min at 4°C for DNA extraction.
Whole blood was collected in tubes containing EDTA. Serum was stored at -80°C until DNA extraction. DNA was extracted from whole blood, serum, oropharyngeal swabs, nasal swabs and feces according to previously describd methods [15] . PCR for detection of PCV2 was conducted with the primers previously reported [7] . These PCV2-specific primers amplified a 481-bp DNA fragment. According to the PCV2 sequence (GenBank accession no. AF086835), the 481-bp fragment was digested to 321-bp and 160-bp fragments by a restriction enzyme EcoR I. PCR was performed as described previously [15] . This assay detects PCV2 but not PCV1 [7] . The indirect immunofluorescence assay (IIFA) was carried out by a previously described method [15] . An IIFA antibody titer of 20 was regarded as positive. The positive numbers of samples obtained by PCR were subjected to X 2 statistical analysis. Results were considered significant at p<0.05.
To evaluate the ability of PCR to amplify PCV2 DNA from DNA extract, a serial 10-fold dilution of PCV2 -containing serum (10 2.3 TCID 50 /ml) diluted with PCV2-negative bovine fetal serum was submitted for PCR. The detection limit was 2 × 10 -2 TCID 50 /ml (100 -fold below the detection limit of virus infectivity in cell culture as determined by IIFA) for PCR.
No PCV2 DNA was detected by PCR in any preinoculation sample, and all samples from two control pigs remained negative during the examination period (Table 1) . Oropharyngeal and nasal swabs and fecal samples from the inoculated pigs were positive for PCV2 DNA by PCR on PID 1 in all samples except for one nasal swab sample. Between PID 1 and 70, 83, 83, and all of the 86 oropharyngeal and nasal swabs and fecal samples, respectively, were found to be positive. All whole blood and serum samples became positive on PID 7 and thereafter remained positive even on the last day, PID 70 (Table 1 ). In the contact group, PCV2 DNA was first detected in oropharyngeal and nasal swabs and fecal samples on PID 3 and in whole blood and serum samples on PID 7. Thereafter, PCV2 DNAs were detected until PID 70 in all types of samples except the oropharyngeal swab (Table 1) . To confirm the identity of amplified fragments, PCR products of serum samples collected from three inoculated pigs on PID 14, 49 and 70 were digested by EcoR I. Each digestion yielded two fragments of expected sizes (Fig. 1) . Antibodies to PCV2 were detected in the infected and contact groups as early as PID 14 and 21, respectively, and were maintained until PID 70 (data not shown). All control pigs remained seronegative throughout the experimental study period.
In the field samples, 95 (30.4%) whole blood samples, 60 (19.2%) nasal swabs and 64 (20.4%) fecal samples of the 313 pigs were positive for PCV2 DNA on PCR. PCV2 DNA was detected at all stages. The frequency of positive samples increased after the nursery stage, peaked in pigs aged 3-4 months, and then decreased to low levels in sowage pigs (Fig. 2) . The percentages of positive samples in whole blood, nasal swab and feces among pigs aged 3-4 months were 66.7, 37.5, and 46.2 %, respectively. In both 3 to 4-and 5 to 6-month-old pigs, the frequency of positive samples in whole blood samples was significantly higher than that in nasal or fecal samples (P<0.05).
The present results showing the detection of PCV2 DNA in blood and secretions until PID 70, the day of necropsy, do suggest that PCV2 DNA may be present in infected pigs for a long period. Larochelle et al. [11] have reported that PCV2 DNA in sera could be detected on PID 55 by nested PCR, but not on PID 90. Krakowka et al. [9] have shown that PCV2 DNA can also be detected by PCR in feces and nasal secretions from infected pigs on PID 35. Furthermore, PCV2 DNA has been reported to be detected in some tissues up to PID 125 [3] . These results may be parallel to the present results. In field samples, the frequency of positive samples in whole blood, nasal swab and feces increased after the nursery stage, and the frequency of positive samples in whole blood samples was higher than in nasal swab and fecal samples. These results suggest that PCV2 infection may have occurred after weaning on these farms, and that PCV2 in whole blood may be present for a longer period after infection than that in nasal and fecal samples. These results indicate that whole blood and serum are the most suitable sample types for PCR analysis of PCV2; but, for sampling under field conditions, fecal samples are thought to be most feasible to collect. The frequency of positive fecal samples also remained high for a long period after inoculation, through the end of the study period at PID 70. Consequently, for large-scale monitoring, fecal samples may also be suitable for PCR detection.
PCV2 DNA was first detected in oropharyngeal, nasal and fecal samples as early as PID 1, which was sooner than reported previously [9, 12] . Although the exact reason for this difference is not known, possible explanations for this discrepancy include differences in the conditions of experimental infections, DNA extraction protocols, PCR sensitivity and the sampling method. In the present study, all inoculated and contact control piglets were readily infected, suggesting that the disease can easily be transmitted via the respiratory system. PCV2 is a nonenveloped virus and is highly resistant to heating, freezing, ultraviolet light and chemical disinfectants. Our results suggest that the virus is stable in feces, nasal secretions and saliva for a long period and can be transmitted easily by oral and respiratory routes.
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